Introduction
Transient (-1-min) variations in magnetic field, plasma, and energetic particle parameters are common in the vicinity of the dayside magnetopause. The magnetic field frequently exhibits a bipolar fluctuation in its component normal to the nominal magnetopause accompanied by an increase in the total magnetic field strength. Russell and Elphic [1978] named such transients flux transfer events, or Fl•s. They interpreted the events as evidence for patchy (localized), sporadic merging between magnetosheath and magnetosphere resulting in the formation of spatially limited flux tubes (or ropes) of reconnected magnetic field lines. The passage of such flux tubes must disturb the surrounding media and produce observable magnetic and plasma perturbations. Using HEOS 2 plasma and magnetic field data, Haerendel et al. [ 1978] independently recognized this phenomenon and deduced its origin as sporadic merging.
By contrast, Sibeck et al. [1989] reported that events marked by bipolar magnetic field signatures normal to the nominal magnetopause and magnetic field strength increases can be associated with large-amplitude pressure pulses generated within the foreshock, a result obviating the need to invoke magnetic merging at the magnetopause. Recent simulations by Lin et al. [ 1996a, b] confirm the possibility that even rotational discontinuities can launch pressure/flow variations that disturb the magnetopause, but the origin of transient events observed in the vicinity of the magnetopause continues to be hotly debated [e.g., Song et al., 1994 Song et al., , 1996 Sibeck and Newell, 1995, 1996] .
Occurrence patterns versus interplanetary magnetic field (IMF) orientation may be helpful in distinguishing between the two proposed causes. If the events are produced by magnetic merging, they Copyright 1998 by the American Geophysical Union.
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0148-0227/98/97JA-03246509.00 should be more common on the equatorial magnetopause during periods of southward IMF orientation, when magnetopause current strengths and instability growth rates increase. By contrast, pressure pulses and the magnetospheric events which they produce should be equally common during intervals of northward and southward IMF orientation. Several statistical surveys support the notion that the majority of events observed in the immediate vicinity of the dayside magnetopause are produced by bursty merging [Rijnbeek et Ding et al. [1991] ), then the magnetic signatures of magnetospheric FTEs fail to exceed detectability thresholds. In particular, the models predict nearly insignificant magnetospheric B N signatures for typical ratios of the magnetospheric to magnetosheath magnetic field strengths. Ku and Sibeck [1997] compare the magnetic perturbations associated with an F'FE and the ratios of the leading to the trailing pulse amplitudes in B N at two different latitudes. At the higher latitude (i.e., at a greater distance from the X line), they find that the perturbation amplitudes as well as the pulse ratio increase. The increase in this ratio indicates that the bipolar B N signatures of FTEs become more symmetric with distance away from the reconnection line. 
Magnetic Merging at

Data Sets
FTEs in the vicinity of the dayside magnetopause were identified by using high time resolution magnetic field data from the AMPTE CCE satellite. The satellite was launched in August 1984 into a near-equatorial orbit with an apogee of 8.8 RE and an orbital period of 15.7 hours. To determine when the CCE spacecraft made crossings into the magnetosheath, we used data from its chargeenergy-mass spectrometer [Gloeckler et al., 1985] . This spectrometer measured the masses and charge-state compositions as well as ß the energy spectra and pitch-angle distributions of all major ions from H through Fe with energies from 0.3 to 300 keV/charge at a time resolution of less than 1 min. We used orbital plots of the particle flux of 2-keV H + ions with a 6-min time resolution, accessible through the World Wide Web at http://hurlbut.jhuapl:80/ AMPTE/summary_images. Periods when the spacecraft crossed into the lower-latitude boundary layer and/or magnetosheath can easily be identified by sharp increases in the particle flux at this energy. We then examined hour-long plots of CCE magnetometer measurements [Potemra et al., 1985] in GSE coordinates at 6.2-s resolution for FTE signatures. When candidate events were found, we performed a minimum variance routine on the magnetopause crossings [Sonnerup and Cahill, 1967] and then plotted the observations in boundary normal coordinates.
As stated earlier, we required our events to be observed in the vicinity of the magnetopause to ensure that they were the result of magnetic merging. This requirement was implemented by considering all magnetosheath events but only those magnetospheric events that were within 30 min of a magnetopause crossing. Event signatures ranged from symmetric bipolar to highly asymmetric in the field component normal to the nominal magnetopause, generally accompanied by fluctuations in the other two orthogonal components and centered on fluctuations in the magnetic field strength. Finally, we considered only events whose duration exceeded 1 min and whose peak-to-peak amplitude in B N was greater than or equal to 5 nT. This is half the cutoff value of 10 nT used by Rijnbeek et al. [1984] . All of our smaller-amplitude events were observed in the magnetosphere. On the basis of the signal-to-noise ratio in the data obtained in that region, we felt that the magnetic fluctuations of these smaller-amplitude events were clear FTE signatures that could be retained as part of our data set. The smallest event amplitude in the magnetosheath, with its higher noise level, was 16 nT, which is above Rijnbeek's cutoff value.
Statistical Survey
Our data set consists of 110 events observed on 8 separate days, as listed in Table 1 . These events were observed from October to December 1984 and during January 1986. Of the events, 84 occurred in the magnetosphere and 26 in the magnetosheath (denoted as regions "M" and "S," respectively, in Table 1 ). Clearly, this does not imply that FTEs are more commonplace in the magnetosphere than in the magnetosheath. The dominance of magnetospheric events in our data set results from two factors: (1) the relatively low apogee of the CCE and (2) the fact that magnetosheath noise levels generally exceed those in the magnetosphere. Many smaller-amplitude events in the magnetosheath may have been masked by this noise, whereas similar events in the magnetosphere were not.
It is interesting to compare the events of this study with those used in the statistical survey made by Sanny et al. [ 1996] . Both data sets are based on CCE magnetometer readings. However, the events in this work are observed in the immediate vicinity of the magnetopause and are assumed to be FTEs produced by sporadic merging. Those in the work of Sanny et al. [ 1996] are detected in the outer dayside magnetosphere away from the magnetopause and are explained as ripples on the magnetopause surface. The selection criteria for amplitude (4 nT) and duration (1-8 min) in the Sanny et al. [ 1996] work are similar to this study; however, Sanny et al. [ 1996] consider only events with a symmetric BN fluctuation, while asymmetric signatures are an important part of our survey. There are several fundamental differences between the two data sets. First, the 59 events of Sanny et al. [ 1996] were observed on 25 separate days, indicating that although event recurrence did take place, there were also many isolated events, indicative of the decay of event amplitude with distance from the magnetopause and consequent filtering out of the smaller-amplitude events. In this study, 110 events were detected on 8 separate days, indicating a far greater rate of recurrence, as expected from sporadic merging. For example, the seven events observed between 0100 and 0200 UT, day 280, had an average recurrence time of 7.5 min. Later that day, five events observed between 2300 and 2400 UT were found to have the same recurrence time. Only one of the eight days used in our study appears in the data set of Sanny et al. [1996] . This is day 281, in which we observed four events, the last of which is at 1349 UT. A single event at 1439 UT of that day is presented in that paper. Finally, IMF orientation has little or no influence on the events of Sanny et al. [ 1996] , whereas nearly all of our events occur for southward IMF. 
YGSM
Magnetosheath Magnetic Field Orientation
observed for angles less than 60 ø or a strongly northward magnetosheath field. Examples of magnetopause crossings when the magnetosheath field was strongly northward can be found from 1700 to 1800 UT, day 305, 1984. We estimate that the angle between the magnetosheath and the magnetospheric field components in the GSM y-z plane was less than 10 ø at the time of these crossings. We were unable to discern any clear FTE signatures during that time interval.
Magnetic Field Signature
The "classic" magnetic signature of an FTE is generally considered to be an increase in B, a symmetric bipolar fluctuation in BN, and monopolar fluctuations in the other two components. We quantify the symmetry of the bipolar fluctuation using the ratio od/3, where a and/3 are the amplitudes of the leading and trailing pulses, respectively. The majority of our events (79 out of 110) exhibited symmetric or nearly symmetric signatures. As a general rule, we consider a signature to be symmetric or nearly symmetric if a >_ 0.75/3. The other 30 events were characterized by asymmetric BN signatures in which the trailing pulse dominated; i.e.,a//3 < 0.75. During that interval, the magnetopause orientation had changed.
However, this does not preclude our ability to identify and use that event in our study. In a coordinate system that is rotated from the boundary normal system by an angle 0, the ratio a/13, our measure SIGNATURES NEAR THE DAYSIDE MAGNETOPAUSE 
Discussion
In our survey we found that FTEs with symmetric bipolar fluctuations in the magnetic field component normal to the nominal magnetopause had an occurrence rate between 2 and 3 times higher than that of FTEs with asymmetric fluctuations. Of the 110 events in our data set, 79 (or 72%) were symmetric and 31 (28%) were asymmetric. Although it is difficult to make a direct comparison with previous statistical studies, we believe that the relative occurrence of asymmetric events seen here is higher than in those studies.
For example, without giving any quantitative comparison, Rijnbeek et al. [1984] state that "the vast number of FI'Es observed are of the standard type, while only a relatively small number of irregular FTEs are observed." Perhaps the reason we observe a higher percentage of asymmetric events is that our data come from the CCE spacecraft rather than from the ISEE, which has hitherto been the principal source of information concerning magnetopause FTEs.
The CCE has a nearly equatorial orbit with an apogee of 8.8 Roe.
As a result, our data set consists of FI'Es that (1) are generally at low latitudes and (2) occur when the magnetosphere has been severely compressed by the solar wind.
Although it seems much more likely that the onset of merging should occur along a single X line rather than simultaneously along multiple X lines, single X line simulations produce asymmetric FTEs (rarely observed), whereas multiple X line simulations produce symmetric FTEs (commonly observed). It is interesting to note from Figure 2 that most of the asymmetric events in our data set occur in the region near the magnetic equator. Only 2 of the 31 asymmetric events occur above ZGSM = 1.5 R E. This is consistent with simulation results which indicate that the signatures of FTEs produced by merging at a single X line evolve from an initial asymmetric form [Ku and Sibeck, 1997] into the familiar symmetric bipolar fluctuation commonly observed. Since the ISEE spacecraft detects a greater percentage of events at higher latitudes than the CCE, any statistical study based on ISEE data would be dominated by events with symmetric bipolar signatures.
Our premise of the evolution of the FTE bipolar signature may also explain the lower occurrence rate for asymmetric events in the magnetosheath (5 out of 26) than in the magnetosphere (26 out of 84). As noted earlier, the noise levels are greater in the magnetosheath than in the magnetosphere. Many smaller-amplitude events in the magnetosheath may have been masked by the noise, whereas similar events in the magnetosphere were not. A magnetosheath event recently formed, with an asymmetric B N fluctuation, may have an amplitude that is below detectability thresholds. As a magnetosheath event moves away from the X line, its amplitude may increase sufficiently so that it becomes observable. However, at this point, its magnetic signature may have evolved into its symmetric form. As a result, our collection of magnetosheath FTEs is dominated by symmetric events.
Neither the single nor the multiple X line theories account for the occurrence of magnetospheric events for values of Bm/Bs at 4 and higher (see Figure 8 ). Perhaps this is an effect of the special condition that the magnetosphere was under severe compression by the solar wind pressure when the FTEs in our data set were observed. Our results suggest that merging along a single X line may be an important source of F'TEs. We suggested that the relatively high occurrence rate of asymmetric events near the magnetic equator is consistent with expectations for magnetic merging in this region, but that the asymmetric signature of an F'TE evolves into the familiar symmetrically bipolar form as events travel to higher latitudes. Past statistical studies based on ISEE data would observe mostly symmetric events since the ISEE spacecraft detects a greater percentage of events at higher latitudes than the CCE.
